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Abstract
The cost-efficiency evaluation is one important aspect in the
health care organization performance assessment. This paper
introduces the ratio of exact cost to Relative Intensity
Weights, costper case weight, as one indicator.
A statistical approach for cost-efficiency analyses is
presented in this paper. The analyses would be done at the
population level and patient level. The linkage between
population and individual patients provides the capability to
review the distributions of several cost-efficiency measures
and to dofurther studies, including factor adjustment.
A well established health care data warehouse is to
accomplish a timely and evaluation of the cost-efficiency
in hospital.
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Introduction
The health care organizations have been making efforts to
reach higher quality of care while saving substantial
personnel and financial resources. There is increasing
demand from health care decision-makers to evaluate the
cost-efficiency.
Requests for cost-efficiency analyses are from various
aspects, such as hospital extemal/internal performance
assessment, funding and budget planning and expense
reimbursement. The basic principle to make cost-efficiency
analyses is evidence based on the cost and resources
utilization data. A global evaluation or comparison among
hospitals or programs within hospitals needs a relatively
compatible index.
The resource intensity weight (RIW)[1-2], that is an estimate
of the relative resources used by each type case, is one of
indicator of hospital-resource utilization. The assignment to
an individual patient case is based on the patient group
methodologies.
These patient group methodologies are case mix group
(CMG) in Canada and diagnosis related group (DRG) in the
United States. The RIW is the ratio of the cost of case in a
CMG/DRG to the average cost of all cases in the database.
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This kind ofpatient grouping methodology generates a
manageable number of groups and demonstrates
statistical homogeneity with respect to total resources
use. Patients who fall into the same CMG should be
expected to have consumed similar volume of resources
and relatively same effect of the treatments during the
stay in hospital [1-2]. In our case, the case weight, w,
can be employed as a relative indicator of expected
standardized cost.
Therefore, the cost per weight has been chosen as an
indicator of hospital cost-efficiency in the past a few
years. The cost per weight at hospital level is mostly
used in the performance evaluation. The
hospital/program level cost per weight is calculated as
the ratio of total cost to total case weight. However, the
comparisons in this indicator based on statistical
modeling haven't been made in most of reports. It also
couldn't provide a comprehensive view on the
distribution of cost, case weight and their ratio.

Cost-efficiency measures
In our study, we can apply some concepts and
methodologies regarding the cost-effectiveness into the
cost-efficiency evaluation. Weinstein et al [3], Gold et
al [4] and O'Brein et al [5] discussed the common used
cost-effectiveness measures.
1) Population level (Hospital/Program level)
The cost-effectiveness measures usually use

i) the ratio ofexpected cost to expected effect,
E (c)IE (e),
ii) the ratio of difference between expected costs to
difference between expected effects,
(E (ci) - E (cj))/ (E (e;) - E (ej) and
iii) the difference E(c) - E(e), when costs and
effects are in comparable units.

Using RIW, we have
i) E(c)/E(w), which is estimated as the ratio of

average cost to average weight,
ii) (E (c;) - E (cj))/ (E (w) - E (wj)) and
iii) E(c) - E(c*), where C* is equal to C,*, the

expected standard cost per weight, multiplied
by w.

The linkage between costs and case weights of an
individual patient is not considered in the analyses.
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However, it is worth investigating the patient level in order
to have a comprehensive view.
2) Patient level
One random variable, defined as the ratio of cost to effect
c/e, could provide an insight into the dependency between
cost and effect. Its expectation E(c/e) can be used as a c-e
measure.
In our case, the cost-efficiency measure will be defined
as E(c/w).
At this level, it is principal to investigate the distributions
of c/w. The percentiles might be employed when outliers
are present among the observations.
The probability that the cost is greater than the expected
cost given the same effect, P(c> w. cw*) or P(c/w > cw*),
where cw* is the expected cost per weight, will give us a
tendency of the distribution of c/w.

Relationship between cost and case weight
The costs and case weights are considered as vector of
random variables c;, representing the costs spent and eij
representing the effects achieved by patient i on population
j. The joint probability distribution of costs and case
weights on a patient level is modeled by the function
F(c,w;z), where z is a vector ofpatient covariates.
The dependency between costs and case weights may be
characterized by regression function as follows

cij= G(w1jzij) + j
where E(F-1) = 0 .
In our practice, we have G(w,z) = Po+01W+P2W2+(3Z, 03
is a coefficient vector and z is a covariate vector.

Statistical inferences on cost-efficiency measures

Confidence Intervals for cost-efficiency ratios
Confidence Intervalfor the Expected Cost to Expected Case
Weight Ratio E(c)/E(w)
Sanple means of cost and of case weight are used to estimate
the ratio t= E(c)/E(w). The confidence interval for E(c)/E(w)
can be estimated using Fieller's theorem [6-8]. The set of
values of t satisfying the following inequality is a 95%
confidence interval for E(c)/E(w):
t2 (W2 - F1,N-1 (N - 1)-1 s 2 (W)) - 2t[cw

- F1,N-1 (N - 1)'1 cov( c, w)] + C2
- F1,N1.(N - )-'s2 (c) < 0

Confidence Interval for the Expected Cost to Case Weight
Ratio E(c/w)
Under an assumption of asymptotic normality of the
distribution of the ratio c/w, the sanple mean of c/w and
sample variance of the ratio s2(c/w) can be used to form a
95% confidence interval for the mean cost-weight ratio as
follows:

C / W ± tN4S(C / W)IJK

where N is the number of patients.

Confidence Interval for the Difference between
Expected Costs to Difference between Expected
Weights Ratio AE(c)/AE(w)
Using Fieller's theorem, the confidence interval for the
estimated ratio could be obtained from following formula [9]:

AI- Za/2PCV(AC)cV(AW)
L 1 ZaI2[CV(AC)] I

~I[CV(AC)]2 + [cv(Aw)] - 2pcv(Ac)cv(Aw) -

Za/2 {[cv(c)]2[cv(Aw)]

/ a /2 [CV(^C)]]

where cm=- n A= cv is the coefficient

Wm - Wn
w

of variation and p is the correlation coefficient
between Ac and Aw .

Testing difference among the populations
Under assumption ofnormality ofdistribution
If the cost-weight bivariate distributions are normal with
mean vectors (E(c,) , E(w,)) and common covariance
matrix, the multivariate analysis of variance [10],
MANOVA, can be used to test the hypothesis that the
vectors of cost-efficiency measures are identical. If the
MANOVA finds the means of the distributions of the
populations to be equal and the c-e measure, cost-
efficiency measure, is a function of the means, e.g.,
E(ci)/E(wj), then it may be concluded that the c-e measures
don't differ.
A likelihood ratio test could be employed to test the
hypothesis Ho: E(c,) /E(wo)=Xo for all i, that is, E(cJ)-Xo
E(w,)=0.

TIhe test rejects Ho at the a level if
-N In Xa <X*la(I1
Here X. is the larger of the two solutions of the

following quadratic equation:
ax2+bx+c=O

where

a = :i Ej c 2 * xi1Y w2 - (Xi Xj1c w, }2
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b =-[Ei Ej Ct2*Ei(E 2, niW2)
2 2 2)

+ i Eji2 * jCi2 -niFi)
- 2(Ei 3Ejcwyj) * (Ei (Ejcjwy-niFi Wi)],

c~~~ _SiEc2 nc2)*Ji(Ewj 2j -n 2)

-(Zi(lic,yi-nic-i Wi)2v
The weighted expected c/w could be estimated as
E(c/w)=Z(w1. cj/wi)/ wi = Fcj/Ewi. Therefore, we have the
relationship that the estimation of weighted expected c/w is
equal to the expected cost per expected weight, that is, the
ratio of total cost to total case weight. In most cases, people
calculate the E(c)/E(w) by the ratio of average cost to
average weight. We can employ the analysis of variance to
detect the differences in the weighted means among the
populations, while we are talkdng about the cost per weight
at population level.

Without assumption ofnormality ofdistribution
The distribution of c/w is often skewed. The lifetime
models can be widely applied to investigate the
distributions of c/w and the difference in c/w between
populations. A cost-efficiency distribution function, or c-e
distribution function, could be defined as:

S(cw) = Pr(c/ w > cw)
The parametric, semi-parametric and non-parametric
methods are able to deal with the data, whose distributions
do not meet the assumption of normality and with censored
data.
The Weibull, gamma and log-normal distributions [11] could
be applied to estimate the c-e distribution function and the
difference in c/w between different populations.
The non-parametric approach, such as Kaplan-Meier method
[12] could be applied to estimate the c-e function. The non-
parametric tests such as Wilcoxon and logrank test [12-13]
can be used to test the equality of the different groups.

Data management
From the previous discussions, we realize that all the
inferences, comparisons and conclusions are obtained based
on the evidences from the patient care process at patient
and population levels. This process is a knowledge-driven
management process. Therefore, an well-organized
information delivery system will play important role.
A patient data warehouse, which consists of the patients'
demographic, clinical and financial information, provides
the possibility to investigate the linkage between costs and
weighted case of an individual patient and the ratio of cost
to weight at patient level with adjustment.
To efficiently retrieve the related information, a resources
utilization data mart needs to be set up by merging,

tsforming and stumarizing the data in data warehouse.
This mart can provide the decision makers with timely,
validated and consistent data/information in cost-efficiency
evaluation.

Example

The above approach was applied to a data set of costs and
weights of the patients in 1998 and 1999, whose CMGs are
CMG 001, craniotomy procedures, with no co-morbidities
and no complications.
The expected costs and case weights for each year were
estimated respectively.

Table 1 Expected Costs and Case Weights for Patients with
Craniotomy Procedures in 1998 and 1999

___ __Cost Case Weight
Year Cases Mean SD Mean SD
1998 284 6872.3 4877.0 2.4165 0.8591

1999 J 324 8195.1 6909.0 2.2715 0.8698

Three cost-efficiency ratios and their confidence intervals
were esfimated and shown in Table 2.1 and Table 2.2

Table 2.1 Cost-Efficiency Ratios and Their Confidence Intervals

l___ E (c)/E(w) AE(c)/ 4E(w)
Year Estimates CI Estimate CI

1998 2843.9 (2633.8, (-8027603,
3049.8) - 9438.2 -1551.2)

1999 3607.8 (3332.4,
3870.6)

Table 2.2 Cost-Efficiency Ratios and Their Confidence Intervals

Year Estimates CI

1998 2813.4 (2635.5, 2991.4)

1999 3532.1 (3331.7, 3732.5)

The multivariate analysis of variance, MANOVA, was used
to reject the hypothesis that the vectors of cost-efficiency
measures are identical (Hotelling-Lawley trace test,
p<O.OOl).
A statistically significant difference in E(c)/E(w) between
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1998 and 1999 was found (p<O.OOOl) using the analysis of
variance on the weighted means. This shows that more cost
spent in 1999 than in 1998 per weighted case. The likelihood
ratio test found the statistically significant difference in
E(c)/E(w) between 1998 and 1999 (p<O.O1) as well.
The estimation of AE(c)/ AE(w) and its confidence interval
also suggested the lower cost-efficiency in 1999.

The distribution functions of c/w, cost-efficiency distribution
functions, were estimated by Kaplan-Meier method (shown
in Figure 1). Statistically significant differences in c/w, were
found by either Wilcoxon test (p<O.OOO1) or logrank test
(p<O.OOO1). This shows the cost per weighted case in 1999
was higher than in 1998 overall.

1."_~ ~ ~ ww

Figure 1 The Distribution Fuctions of c/w

Discussions

The cost-efficiency evaluation in hospital can be made based
on the costs and resources intensity weights collected from
the population level and patient level. The c-e indicators are
the ratios of cost to weight. We discussed three types of
ratios at different levels. At the population level, E(c)/E(w)
can be employed as one indicator; however, AE(c)/ AE(w),
which is also called as ICER(incremental cost-efficiency
ratio), can be employed as one indicator as well when
comparing the cost-efficiency between two groups. At the
patient level, E(c/w) can be employed as one indicator.

It is not sufficient to estimate only the c-e ratios because of
the uncertainty. It is necessary to estimate the confidence
intervals for the c-e ratios. The statistical methods can be
applied in this process.

The statistical tests can be applied to detect the difference in
c-e ratio among populations according to the distributions.
The investigation at the patient level would provide a review
on the distribution of the individual ratios. These kinds of
distributions sometimes are not normal. Therefore, we may
apply different statistical models depending on the
distributions. There are some models, which can deal with
the situations without the assumption of normality, such as
lifetime models, non-parametric models.

The decision making in health care would be
conducted based on the evidence. With the rapid
development in information technology, large
amount of data at individual patient level could be
collected. It is a key issue how to transform them to
information and knowledge. The well organized
data management and well designed statistical
framework can play important roles in this
approach.
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